In order to explore how to effectively express product image when designing products, micro-electronic products were used as examples in this study to conduct a comprehensive investigation. Firstly, through a questionnaire survey, we deduced that the five most expected images perceived in micro-electronic products are: (i) high-technology, (ii) efficiency, (iii) lightness and handiness, (iv) nobility, and (v) delicacy. Next, sample product photographs were presented to the subjects in order to make various evaluations. Through semantic differential analysis, factor analysis and multidimensional scaling analysis, the subjects' perception of these images for the evaluated products was revealed and a perceptual map of these products derived. Design subjects' perception was compared to that of non-design subjects. Finally, through morphological analysis of these products, the critical 'form elements' and approaches of form treatment among these products were extracted. By using multiple linear regression, the relationships between each image and various form features were concluded. These findings can be further applied not only to establish a desired image in designing products, but also to reduce the perceptual gap between designers and users.
Introduction
In purchasing and using products, customers or users generally expect to perceive some critical images or indications of quality from the product/s. Designers are supposed to provide these images in the products they design. In the past, designers have always assumed that they know what images will be expected and therefore designed products intuitively. However, do designers really know what images users want? Even if they know exactly what images to express, do the users perceive the same expected images the designers have aimed to express in products? Are there specific 'form features' or 'treatments' which if adopted or avoided can promote the communication of expected images?
All of the above issues are critical and must be seriously considered when designing products especially due to the continuous minimization and de-materialization of micro-electronic components used in today's products. ''Form follows function'' is no longer the rule in developing the shape of a product (Fischer, 1989) . Instead, designers have to create the form for the product thereby expressing the specific characteristic and image of the product. In this context, the above issues have become more and more important. However, systematic and scientific research on product image or product style is comparatively sparse.
Amongst the few researchers concerned with this subject, Mastandrea et al. (1992) have investigated the communication process between designers and users and the relationship between product images and form elements. The relationship between product images and form elements concluded in that study is not clear. On the other hand, Takahashi (1995) has found a correspondence between some abstract pictorial expressions and the psychological feelings to be communicated.
Dating from the 1970 s to the present, the socalled ''Kansei (Sensational) Engineering'' has been continually developed in Japan led by Nagamachi (Nagamachi, 1995) . In this field of study, various survey techniques and statistical analyses, such as semantic difference survey (Osgood et al., 1957) , morphological analysis, factor analysis, multiple linear regression, neural network simulation and so on have been applied to establish the correspondence between image database and color or design database. Consequently, a computer supported design system can be constructed based on this correspondence. So far, ''Kansei Engineering'' has been successfully implemented in various product designs, for example in a car, an office chair (Jindo et al., 1995) , a pair of spectacles (Chuang and Shih, 1996) and an earth-moving machine (Nakada, 1997) .
Recently, the multidimensional scaling (MDS) method, a method to recovering the perceptual space of stimuli from the subjects' judgements of similarity among stimuli (Green et al., 1989) , has been applied to investigate users' perception of product forms. For example, Caplan and Faulkner (1982) have implemented MDS to study the perception and preference of users on the configuration of a disk camera for the Kodak Company. By using MDS, Maurer et al. (1992) conducted a study on the semantics of street furniture; whereas Espe (1992) has studied the symbolic quality of watches.
In the study of design style, Chan (1992 Chan ( , 1993 ) has pioneered a series of quantitative researches on individual style in architecture. Following almost the same idea of Chan (1994) and Chuang and Shiau (1998) investigated the critical factors constituting the style of products in which Ming Dynasty style chairs were used as examples. In that study, an MDS analysis was also performed to explore the perceptual structure of people in distinguishing the form of Ming Dynasty style chairs.
In the present study, ideas and techniques conducted by the researchers mentioned above were applied in order to investigate the expected images and their correspondence to the critical form features in micro-electronic products. Five aspects were studied: (i) the expected images in micro-electronic products, (ii) the representative products to these expected images, (iii) the psychological factors under these expected images, (iv) the perceptual space of micro-electronic products, and (v) the correspondence between the expected images and critical form features in micro-electronic products.
Method
To explore the five issues, several surveys as described in the following sections were conducted.
Survey on expected images
To investigate the micro-electronic products' expected images, a list of 60 image words deemed suitable for expressing the product image was initially screened out by five experienced Industrial Designers. By using this list as a reference, 68 subjects (37 males, 31 females of which 27 were design educated subjects and 41 were non-design educated subjects,) were then asked to write down approximately 10 'image' words that summed up their perceptions of micro-electronic products. Among the 27 design educated subjects, 17 subjects majored in Industrial Design, the other 10 subjects majored in other design fields. Ninetyone percent of the subjects were aged from 20 to 40 years of age, which is purported to be the potential micro-electronic product consumer age group. In comparing the frequency of each image word selected, the 5 most expected images of microelectronic products were decided upon for the following studies. Also, from this the expected images amongst the subjects from different backgrounds can be analyzed.
Survey on the representative products to the expected images
In this survey, 75 products, including 50 microelectronic products, were screened out from various international contemporary design reference books (Sokolov, 1990; Viemeister, 1993; Pearlman, 1996; Industrial Forum Design Hanover, 1996 , 1997 ; Japanese Association of Industrial Design Promotion, 1997) as a 'reference pool'. These products were randomly presented as mounted 3 00 Â 5 00 color photos to 87 subjects, including 53 males, 34 females of which 41 were design educated subjects and 46 were non-design educated subjects. The subjects were asked to pick out three of the 75 products that best expressed the image for each of the five expected images. The subjects were also encouraged to explain the reasons for their selections.
SD survey on expected images
An SD (semantic differential) test with 14 opposite adjective pairs to investigate the meanings of the five expected images and 30 product pictures was then conducted over 31 subjects. The 30 products evaluated here comprised 16 representative products to expected images concluded from the previous survey and 14 products picked randomly from the reference product pool. The 14 opposite adjective pairs were selected to include the advice of some experienced designers. A factor analysis of the collected data was performed to derive the structure of mental feeling in perceiving the expected images and product forms.
Survey on the similarity of form among micro-electronic products
To investigate the subjects' perceptual structure of these products, 35 subjects, including 19 males and 16 females, were asked to sort the above 50 micro-electronic product pictures in the reference product pool into 5-10 piles, according to the similarity of form among the products. An MDS analysis was then conducted to convert this similarity data into a perceptual space representing how subjects perceive these products and expected images.
Morphological survey on the product form
Finally, a morphological analysis of the 30 products, evaluated in the SD survey, was conducted by Industrial Design specialists. This analysis included two steps: firstly, three Industrial Designers, each with 5 years experience, were asked to identify the products' critical form features. Secondly, three more Industrial Designers, each with 8 years experience, were then asked to evaluate whether each of the identified form features appeared in each of the products or not. The result of this analysis was analyzed by a multiple linear regression to deduct the correspondence between expected images and form features or treatments in micro-electronic products.
Results and discussions
Various analyses were conducted on the data collected from the above surveys to derive results for each of the five aspects in this study. These results will be described and discussed in the following sections, respectively.
Expected images of micro-electronic products
The top 10 expected (most frequently selected) images of micro-electronic products are summarized in Table 1 . It shows that generally a 'hightech' image is the most expected one. The following expected images can be listed in the order: efficiency, lightness and handiness, nobility, delicacy, fashion, durability, convenience, novelty value and safety.
The expected images of the male subjects and those of the female ones did not vary too greatly. However, the male subjects concentrated mainly on fewer images whilst that of the female subjects spread over more images. Design educated subjects placed more emphasis on images of product form, such as fashion, nobility, delicacy, lightness and handiness (usefulness), sleek, and novelty value images than non-design educated subjects. However, the non-design educated subjects were also concerned with images related to product use, such as images of durability and convenience, in addition to the above images of product form. Furthermore, subjects with an industrial design background showed additional expectations regarding images of safety and convenience perceived in micro-electronic products. Despite the slight difference of expected images amongst the subjects from differing backgrounds, the first five expected images were almost always selected by more than half of the subjects. Thus, these five expected images could therefore be explored further in the following analyses.
Products representing the expected images
By counting the frequency of each product picked out to represent each of the five expected images, the three most frequently selected products for each image were determined and are shown in Fig. 1 . The open numbers under the products denote the selection order by the design educated subjects; whereas the closed numbers denote the selection order by the non-design educated subjects. There are several overlaps between their selections. Furthermore, several products have been simultaneously selected to represent different expected images. Consequently, there are 16 products, not 30 products, which appear in Fig. 1 . By examining these products, a preliminary conclusion may be proposed -that products representing 'high-tech' or 'efficient' images usually follow a geometrical form; whilst products with 'light' (i.e. portable) and 'handy' image are always small, compact and thin; and products with a 'delicate' or 'noble' image often receive a special surface material finishing treatment.
The frequency of each product picked to represent an expected image was considered as the expressive power of this product to represent the specific image. This index will be used in further analyses.
Psychological factors under the expected images
The data collected from the SD survey was processed by factor analysis. The result, as shown in Table 2 , reveals that the 14 opposite adjective pairs used to configure the structure of feeling under the expected images and product form can be classified into three main factors with 82.6% of variance explained. The first factor, which accounts for 53.2% of the variance, includes the adjective pairs: beautiful-ugly, delicate-wild, softhard, distinct-negligible, warm-cold, vivid-dull, and light-heavy. This factor may be concluded as one of emotion. The second factor, which accounts for 17% of the variance and includes the adjective pairs: dignified-frivolous, stable-unstable, rationalemotional, angular-smooth, may be interpreted as that of stability. The third factor, accounting for 12.3% of the variance, includes the adjective pairs: complex-simple, luxurious-plain and unique-general may be interpreted as the factor of simplicity. These three factors (emotion, stability, simplicity) can be adopted to construct a 'mental space' in the interpretation of individuals' feeling under the expected images. The factor scores of the five most expected images in these three factors can then be treated as the coordinates in this space. Fig. 2 depicts the factor scores and the locations of the five most expected images in this space with 2 two-dimensional plots. It can be deduced from these plots that the image of 'high-tech', 'nobility' and 'delicacy' are similar, because all of them are located in the first quadrants on both plots (all of the coordinates are positive). In particular, the points of 'nobility' and 'delicacy' of image are very close to each other. These two images are almost identical. In general, these three images are supported by a sensational, rational, stable, but luxurious feeling. However, the score in factor 2 of the 'high-tech' image is comparatively higher denoting the more rational and stable feeling of this image whereas the 'noble' and 'delicate' images have relatively higher scores in factor 1 to reveal the more sensational feeling of these images. The factor scores of the 'efficient' image are similar to those of the 'high-tech' image, except the negative score in factor 3. Thus, the image corresponds to a 'sensational', 'rational', 'stable', Fig. 1 . The representative products to the five most expected images selected by subjects (open numbers denote the selection order by the design subjects; closed numbers denote the selection order by the non-design subjects).
'simple', and 'plain' feeling. The 'light and handy' image has negative scores in both factors 2 and 3, particularly in factor 3. Thus, this image is very close to the 'simple' and 'plain' feeling and is somewhat related to a 'frivolous' and 'emotional' feeling.
The factor scores of the 30 products evaluated in the SD survey can also be calculated and treated as coordinates in this space. By mapping these 30 points of products into this space, the distances between each product and each expected image were computed. It is reasonable to define the distance as the degree of expressive power of a product to an expected image; the shorter the distance is, the more expressive the product is of this image. Therefore for each expected image, we have two sets of indices denoting the expressive power of products: one is the frequency of direct selection as depicted in the last section, the other is the indirect measurement of distances. The agreement between these two sets of result is fair. Fig. 3 summarizes some products that are representatives of the expected images according to both measures.
Perceptual space of micro-electronic products
The frequency of each of the product pairs which have been grouped into the same pile by subjects in the similarity evaluation were initially summarized into a similarity matrix among these 50 micro-electronic products. This matrix was then analyzed by an MDS program, ALSCAL.
It resulted in a fairly acceptable (R 2 =0.64) perceptual space of two dimensions through an appropriate rotation, as shown in Fig. 4 (the R 2 is 0.71 for a three-dimensional solution.) From this perceptual map, we can find that the product forms located on the upper side are more complex than those on the lower side; while the product forms located on the right side are lighter than those on the left side. This observation is further verified with the high correlation between X coordinates of products and their corresponding light-heavy scores; and between Y coordinates of products and their corresponding complex-simple scores in the previous SD test. The X coordinates of products are also found to be highly correlated to their corresponding warm-cold scores. Thus, we may conclude that our differentiation between the forms of micro-electronic products is based on our perception on the two major factors: the degree of 'lightness' and 'warmth' of the form as well as the degree of 'form simplicity'.
We then treated the expressive power of the product to the expected images as the degree of preference for this product by the 'image' subject. Through a PREFMAP analysis on this set of data, based on the perceptual map, the ideal points for the 5 expected images could be mapped on the perceptual plane of products, as shown in Fig. 5 .
In this figure, ideal points of 'high-tech', 'light and handy', 'noble', 'delicate' images are displayed as solid points to represent positive ideal points; the closer to this ideal point a product is located, the more representative of this image the product is. The ideal point of the 'efficient' image, on the other hand, is a negative ideal point shown as an empty point; the closer to this ideal point a product is located, the less efficiency the product expresses. Both ideal points of a 'noble' and 'hightech' image are located on the upper-left of this map. Thus, products with somewhat complex and heavy forms are more likely to express these images. The ideal point of a 'delicate' image is located near the original point of this map. This means that products with a moderate form, not too light, heavy; complex or monotonous, will be perceived as a 'delicate' image. Because the ideal point of 'light and handy' image is located on the lower right of this map, products with somewhat light and simple forms will produce this kind of image. Finally, the negative ideal point of an 'efficient' image is located near the original point of this map too. Therefore, products with a distinct form, either light or heavy; either complex or simple, are more likely to evoke this image.
The correspondence between expected images and form features
During the first step of morphological analysis, several critical form features were identified by the first three experienced Industrial Designers. From the oral explanations on how subjects make their decisions in selecting the representative products for expected images, other critical form features were also extracted. Combining these two results, 35 critical form features (depicted as F1-F35 in Table 4 ), including form elements, form treatments, finishing treatments, material selections and color schemes have been summarized.
During the second step of morphological analysis, each of the 30 products was evaluated with each of these 35 form features by the second three experienced Industrial Designers. This resulted in a form attribute matrix of these 30 products. Then, for each expected image, we took the expressive power of the tested products as dependent variables and the elements of this form attribute matrix as independent variables to establish a set of multiple linear equations. A stepwise multiple linear regression analysis was then conducted for each set of equations. The result of the regression analysis for each expected image can be expressed as an equation and a table containing the coefficients of some critical form features. For example, Table 3 depicts the regression result of a 'high-tech' image. In this table, the significant form features (at the significant level of 0.1) were listed in the first column; whereas their corresponding coefficients (b) were listed in the second column. Therefore, the correspondence between the 'high-tech' image and some significant form features can be expressed as the following According to this equation, the form features with positive coefficients should be adopted to enhance the degree of a 'high-tech' image; on the other hand, the corresponding form features with negative coefficients should be avoided to maintain the degree of a 'high-tech' image. The relative influence of these form features can be decided by comparing the absolute values of the normalized coefficients (b), as shown in the forth column in Table 3 . Thus, the form features that should be adopted to enhance the 'high-tech' image can be concluded as the following order of relative importance:
1. sound output holes arranged in a wave or radial pattern; 2. small but delicate components, such as buttons and LED indicators; 3. gold-plated knobs on black and polished operation panel; 4. parallel grooves with equal intervals spread in a fixed area; 5. plain shape without any decorative line or pattern; 6. with sudden drop connecting two parallel surfaces.
On the other hand, the form features that should be avoided to maintain the 'high-tech' image can be concluded as the following in order of relative importance:
1. color scheme with achromatic colors as principal colors; 2. color combination with low contrast or identical hue colors; 3. specially emphasized or exaggerated buttons or knobs; 4. form elements arranged in a gradual pattern, such as decrease or increase in size gradually; 5. highly polished or mirror surface finishing; 6. tiny holes arranged in a line or any distinctive shape pattern; 7. asymmetric balanced in form.
In the same way, the correspondences between each of the other four expected images and some significant form features can be derived from the regression analyses. Table 4 summarizes the regression results of the five expected images. In this table, a '+' mark at the intersection of a specific expected image and a form feature denotes that the form features have to be adopted to enhance the expected image. On the other hand, a 'À' mark denotes the specific form feature that should be avoided to maintain the corresponding image.
Conclusion
Drawn from the above discussion several findings from this study can be summarized as the following. Table 4 The form features to be adopted or should be avoided for enhancing expected images image is comparatively more rational and stable; whereas the 'noble' and 'delicate' images have relatively higher sensational feeling. The 'efficient' image is similar to the 'hightech' image minus its 'simple' and 'plain' feeling as opposed to a 'complex' and 'luxurious' feeling. Thus, the image corresponds to the 'sensational', 'rational', 'stable', 'simple', and 'plain' feeling. The 'light and handy' image is very close to the 'simple' and 'plain' feeling and is somewhat related to the 'frivolous' and 'emotional' feeling. 5. Individuals' perceptions in the differentiation of the form of micro-electronic products can be expressed as a perceptual map constituted by two factors of simplicity and lightness/warmth perceived in the product forms. 6. Products with complex and heavy geometric forms may look more 'high-tech'; whereas products with complex and heavy forms and special finishing treatments may tend to have a 'noble' image. Products with a moderate form and special finishing treatment may give a 'delicate' image; products with a 'light and handy' image are always small, light, thin and simple. The 'efficient' image is easier to find from products with a distinctive geometric form. 7. The correspondence between several form features and the five expected images has been found and summarized as a design recommendation table in Table 5 . In this table, designers can find the advice as to whether a specific form feature should be adopted or should be avoided in order to enhance expected images.
These findings provide us with a systematic understanding about the expectations and perceptions of people regarding micro-electronic products. This cannot only be directly applied to the design of forms of micro-electronic products, but provide insights into correspondence between product form and the mental feeling users may experience and therefore may serve as the basis for further studies. In addition, the structure of the study may be extended to further investigate product form and image of other products.
Due to the limitation of resources, the products investigated in this study were not market-placed ones but visual representations of such products. This may have somewhat influenced the subjects' evaluations. The interactions among some form features may generate special influences on product images, however due to the complexity of this problem, they were not considered in this study. The design recommendations obtained from this study have not as yet been verified, thus providing a opportunity for further study.
